ciation. 20 Two prospective studies of adults have shown that type 2 diabetes is associated with an increased risk of depressive symptoms 21, 22 ; however, several other studies have shown no association. 11, 12, [23] [24] [25] Other research suggested that obesity and insulin resistance, precursors to type 2 diabetes, are associated with a lower risk of developing depression. [26] [27] [28] Prior studies examining diabetes as a predictor of elevated depressive symptoms have been limited by being conducted only in elderly individuals 21, 22, 25 or using only self-reported diabetes. 21, 23, 25 Because of contradictory findings thus far, additional populationbased studies that include measurements of diabetes treatment and the presence of comorbitidies are needed to investigate whether type 2 diabetes is associated with the development of elevated depressive symptoms. In this article, we used repeated measures of fasting blood glucose and depressive symptoms collected over time to test whether depressive symptoms predicted incident type 2 diabetes and whether participants with type 2 diabetes at baseline were more likely to develop elevated depressive symptoms over follow-up than participants without it.
METHODS

Study Population
The Multi-Ethnic Study of Atherosclerosis is a multicenter, longitudinal cohort study of the occurrence and correlates of subclinical cardiovascular disease and its progression. 29 Because an additional objective of the study was to assess ethnic differences in subclinical disease prevalence, risk of progression, and rates of clinical cardiovascular disease, participants were recruited from 4 prespecified racial/ethnic groups. 29 Between July 2000 and August 2002, 6814 men and women aged 45 through 84 years who identified themselves as white, black, Hispanic, or Chinese and who were free of selfreported clinical cardiovascular disease were recruited from 6 US communities: Baltimore City and Baltimore County, Maryland; Chicago, Illinois; Forsyth County, North Carolina; Los Angeles County, California; Northern Manhattan and the Bronx, New York; and St Paul, Minnesota. Additional details about the design and objectives of the study have been previously published. 29 The Written informed consent was obtained from participants and the study was approved by institutional review boards of each institution. Participants were notified by letter of all laboratory results, including glucose values, with a copy to their physician if they requested it. Because the Center for Epidemiologic Studies Depression Scale (CES-D) is not designed to ascertain clinical depression, participants were not notified about elevated symptoms.
Assessment of Depressive Symptoms
Depressive symptoms were assessed at visits 1 and 3 using the CES-D, a 20-item questionnaire developed to assess depressive symptoms in community populations. 30 The CES-D items represent the major components of depression and include depressed mood, feelings of worthlessness, feelings of hopelessness, loss of appetite, poor concentration, and sleep disturbance. The Cronbach ␣ for its reliability ranges between 0.84 and 0.93. 31 Participants were asked to rate each item on a scale from 0 to 3 based on "how often you have felt this way during the past week." Scores range from 0 to 60, with higher scores indicating more severe depressive symptoms. We recognize that the CES-D assesses self-reported depressive symptoms and not clinical depression. For the purpose of our analyses, elevated depressive symptoms were defined by a CES-D score of 16 or higher, consistent with mild to moderate depression or dysthymia, 32 self-reported use of antidepressant medications (tricyclics, nontricyclics, and monoamine oxidate inhibitors), or both. Participants with a CES-D score of 16 or higher or who were taking antidepressant medications at visit 3 who did not meet these criteria at visit 1 were considered to have incident elevated depressive symptoms, as previously defined by our group.
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The CES-D was administered in English, Spanish, Cantonese, and Mandarin. The reliability of the CES-D is comparable with European American, African American, Mexican American, and Chinese American groups.
33,34
Assessment of Diabetes Status
Impaired fasting glucose and type 2 diabetes status were determined at each visit. Participants were asked to fast for 12 hours and to avoid smoking and heavy physical activity for 2 hours before each examination. Fasting blood samples were drawn by venipuncture from an antecubital vein into vacuum tubes between 7:30 AM and 10:30 AM. Serum samples were frozen and stored at −70°C. Details of serum sampling and processing have been described previously. 29 Impaired fasting glucose (100 to 125 mg/dL) and type 2 diabetes (fasting glucose, Ն126 mg/dL; or use of oral hypoglycemic medication, insulin, or both) were defined according to the 2003 American Diabetes Association criteria. 35 Those with diabetes were further subdivided into participants who were untreated or treated. Incident diabetes was defined among participants who did not have diabetes at baseline but developed diabetes at subsequent visits. The date of incident diabetes was estimated at one-half the interval between the last known date without diabetes and the examination at which it was diagnosed.
Covariates
Covariates were assessed at baseline examination using standard protocols as previously described. 20,29 Sex, age, race/ ethnicity, years of education, cigarette smoking history, and annual income were self-reported. Prescription and overthe-counter medications were determined by transcription of medications brought into clinic. Weight and height were measured using a balance beam scale and a stadiometer, respectively, with participants wearing light clothing and no shoes. Height was recorded to the nearest 0.5 cm and weight to the nearest 0.5 lb. Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. All anthropometric measures were taken in duplicate and averaged. Blood pressure and lipid levels were measured and categorized using standard procedures and current recommendations. 20, [36] [37] [38] Interleukin 6 (IL-6) and C-reactive protein (CRP) were measured using standard techniques previously described. 20 A spot urine sample was collected from each participant, preferably in the early morning at the beginning of the clinic visit. Urinary creatinine and albumin were measured using previously described techniques.
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Participants' usual diet was characterized using a 120-item food frequency questionnaire, modified from the validated Insulin Resistance Atherosclerosis Study in which comparable validity was observed for non-Hispanic white, African American, and Hispanic participants. 39, 40 The dietary assessment was modified to include foods typically eaten by Chinese groups. We used total daily caloric intake as a summary variable of diet. Physical activity was assessed using the 28-item Typical Week Physical Activity Survey. 29, 41 We summarized physical activity as the metabolic equivalent task of minutes per week spent in moderate to vigorous household, outdoor, sporting, conditioning, and volunteer activities.
Analysis
Because the 2 objectives of our study required different population samples, we describe the analysis samples and procedures separately below. However, for both sets of analyses, we began by comparing the distribution of baseline characteristics by depressive symptom status (analysis 1) Participants were excluded if they had prevalent untreated or treated type 2 diabetes at the first visit (n=1209); were missing data on type 2 diabetes status at any of the 3 visits, or on the CES-D score at baseline (n=201), or on covariates of interest (n=203), leaving 5201 participants for analysis. Incidence rates of type 2 diabetes were calculated for participants with elevated depressive symptoms or who were taking antidepressant medication and compared with incidence rates among those without elevated depressive symptoms. The relative hazard (RH) of developing type 2 diabetes in participants with elevated depressive symptoms compared with those without was calculated using Cox proportional hazards regression models. Additionally, we modeled CES-D as a continuous variable and reported the RH per 5-point increase in CES-D score.
To explore mechanisms explaining the relation between elevated depressive symptoms and type 2 diabetes, we used the following strategies: model 1 included terms for age, race/ethnicity, sex, and examination site. Model 2 included the terms in model 1 plus baseline BMI. Models 3 through 6 included the terms in model 2 plus the following terms: model 3, metabolic variables (lipid levels, blood pressure, fasting insulin concentration); model 4, inflammatory markers (IL-6 and CRP levels); model 5, socioeconomic variables (educational achievement, annual household income); and model 6, lifestyle variables (smoking history, daily caloric intake, alcohol use, physical activity level).
Diabetes and Incident Depressive Symptoms (Analysis 2)
Participants were excluded if they had prevalent depressive symptoms (CES-DՆ16, antidepressant medication use, or both) at baseline (n=1022), if they were missing data on CES-D score at baseline and visit 3 or on type 2 diabetes status at baseline (n=908), or on covariates of interest (n=37), leaving 4847 who were included in this analysis. The cumulative incidence of elevated depressive symptoms was calculated for participants by baseline fasting glucose status. Because incident depressive symptoms were only assessed at 1 follow-up visit, we used logistic regression to calculate the odds ratio (OR) of developing elevated depressive symptoms in participants with impaired fasting glucose and untreated and treated type 2 diabetes compared with participants who had normal fasting glucose at baseline. We again used a series of multivariate models to investigate mechanisms explaining the relation between type 2 diabetes status and elevated depressive symptoms. The base model was the same as that described above. Subsequent models included terms for BMI, socioeconomic status, lifestyle variables, and markers of diabetes severity (dyslipidemia [triglycerides Ն200 mg/dL, high-density lipoproteinϽ40 mg/dL, or both], presence of hypertension [blood pressure Ն140/90 mm Hg or antihypertensive medication use], and microalbumin-DIABETES AND DEPRESSIVE SYMPTOMS ©2008 American Medical Association. All rights reserved. at University of Michigan on January 12, 2011 jama.ama-assn.org Downloaded from uria [urinary albumin:creatinine ratio Ն30 mg/g]). 42 We selected these factors a priori because of their previously reported association with the development of depression in individuals with preexisting type 2 diabetes.
To convert triglycerides to millimoles per liter, multiply by 0.0113; high-density lipoprotein to millimoles per liter, multiply by 0.0259; and glucose to millimoles per liter, multiply by 0.0555.
RESULTS
Depressive Symptoms and Incident Diabetes
Baseline Characteristics. Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; CES-D, Center for Epidemiologic Studies Depression Scale; HDL, high-density lipoprotein; IQR, interquartile range; LDL, lowdensity lipoprotein; MET, metabolic equivalent task. SI conversion factors: To convert C-reactive protein to nmol/L, multiply by 9.524; HDL and LDL cholesterol to mmol/L, multiply by 0.0259; insulin to pmol/L, multiply by 6.945; triglycerides to mmol/L, multiply by 0.0113. a For categorical covariates, the P value was generated from the 2 test. For continuous covariates, the P value was generated from the analysis of variance. For the nonnormally distributed variables, the P value was generated from the Wilcoxon rank sum test. ment; Table 2 ). Associations in the fully adjusted models were similar to those in the lifestyle-adjusted model.
Diabetes Status and Incident Depressive Symptoms
Baseline Characteristics. TABLE 3 summarizes the characteristics of participants by type 2 diabetes status who did not have prevalent elevated depressive symptoms at baseline. Compared with normal participants, those with impaired fasting glucose and type 2 diabetes were more likely to be older, male, and nonwhite, and less physically active and to have higher BMI. Participants with untreated and treated type 2 diabetes had lower educational attainment and annual income, were more likely to have microalbuminuria and hypertension, and had lower highdensity lipoprotein cholesterol and higher triglycerides. Participants with treated type 2 diabetes were least likely to consume alcohol and had the lowest daily caloric intake.
Univariate and Multivariate Analyses. There were 336 incident cases of elevated depressive symptoms among individuals with normal fasting glucose, 112 with impaired fasting glucose, 15 with untreated type 2 diabetes, and 60 with treated type 2 diabetes (Table 3 ). The incidence rates of elevated depressive symptoms over 3.1 years were 36.8 for participants with normal fasting glucose, 27.9 for those with impaired fasting glucose, 31.2 for those with untreated type 2 diabetes , and 61.9 for those with treated type 2 diabetes per 1000 person-years. Compared with participants with normal fasting glucose, the odds of developing depressive symptoms were 20% lower in participants with impaired fasting glucose and the point estimates changed little following multivariate adjustment (OR range, 0.78-0.80 with increasing statistical adjustment; TABLE 4).
Although individuals with untreated type 2 diabetes were not at increased risk of developing elevated depressive symptoms, those with treated type 2 diabetes were at increased risk of developing elevated depressive symptoms, which persisted following multivariate adjustment (Table 4 ). In the fully adjusted model, treated type 2 diabetes was associated with a 52% higher odds of developing elevated depressive symptoms (OR, 1.52; 95% CI, 1.09-2.12).
Because antidepressants can be used to treat other conditions, such as diabetic neuropathy, we repeated the analyses defining incident depressive symptoms only as CES-D scores of 16 or higher (n=130) and found similar results. Compared with participants with normal glucose tolerance, those with treated type 2 diabetes had a 64% higher odds (95% CI, 1.18-2.28) of depressive symptoms following adjustment for age, sex, race/ethnicity, and examination site. The magnitude of association increased to 86% (95% CI, 1.10-3.10) following additional adjustment for BMI, socioeconomic status, lifestyle variables, and markers of diabetes severity.
COMMENT
These findings suggest that individuals with elevated depressive symptoms have a modest increased risk of developing type 2 diabetes during follow-up, independent of sociodemographic, economic, and metabolic factors. Although this association was no longer statistically significant after adjustment for lifestyle factors, point estimates were largely unchanged by adjustment, suggesting that the association between depressive symptoms and incident type 2 diabetes is not fully explained by lifestyle risk factors. We also found that among individuals without elevated depressive symptoms at baseline, treated type 2 diabetes was associated with a significantly higher odds of developing depressive symptoms during follow-up, independent of BMI, socioeconomic status, and comorbidities.
In contrast with the findings for treated type 2 diabetes, individuals with impaired fasting glucose and those with untreated type 2 diabetes had reduced risk of incident depressive symptoms, although the association with untreated type 2 diabetes was imprecisely estimated and did not reach our prespecified level of statistical significance due to small numbers. In both analyses, findings were comparable across race/ethnicity. To our knowledge, this is the first population-based study to show a bidirectional longitudinal association between type 2 diabetes and elevated depressive symptoms within the same cohort. Նhigh school), annual household income (categorized as Ͻ$15 000, Ն$15 000-Ͻ$24 000, Ն$24 000-Ͻ$34 000, Ն34 000-Ͻ$49 000, Ն$49 000-Ͻ$74 000, and Ն$74 000). g Adjusted using model 2 criteria and daily caloric intake, smoking status, alcohol use, and physical activity. h Fully adjusted using criteria from all models.
DIABETES AND DEPRESSIVE SYMPTOMS
©2008 American Medical Association. All rights reserved. Several other population-based studies report an association between depressive symptoms and incident type 2 diabetes. [4] [5] [6] [7] [8] [9] [10] [11] [12] Depressive symptoms are associated with several metabolic and behavioral risk factors for type 2 diabetes. First, depressed individuals are less likely to comply with dietary and weight loss recommendations 43 and more likely to be physically inactive, [6] [7] [8] [9] [10] 12 contributing to obesity, a strong risk factor. Participants in our study with more depressive symptoms had poor health behaviors associated with diabetes risk. This corroborates findings from prior studies showing that depressed individuals have higher caloric intake, 8, 20 are less physically active, [6] [7] [8] [9] [10] 12 and are more likely to be smokers. [6] [7] [8] [9] 12 However, adjustment for these characteristics in our analyses resulted in minimal attenuation of the association of depressive symptoms with incident type 2 diabetes, suggesting that this does not fully explain the association. Additionally, depressive symptoms are associated with activation of the hypothalamicpituitary-adrenal and sympathoadrenal systems 44 and increased inflammation. 18, 19, 44, 45 Inflammatory markers are known risk factors for type 2 diabetes, 46 and we observed higher IL-6 and CRP levels in depressed persons compared with those without elevated depressive symptoms. However, in our study, adjustment for markers of in- Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; CES-D, Center for Epidemiologic Studies Depression Scale; HDL, high-density lipoprotein; IQR, interquartile range; MET, metabolic equivalent task. SI conversion factors: To convert HDL cholesterol to mmol/L, multiply by 0.0259; triglycerides to mmol/L, multiply by 0.0113. a For categorical covariates, the P value was generated from the 2 test. For continuous covariates, the P value was generated from the analysis of variance. For the nonnormally distributed variables, the P value was generated from the Kruskal-Wallis Test.
flammation did not substantially alter or explain our observed association. Finally, antidepressant medication use can cause weight gain and obesity, 47, 48 risk factors for type 2 diabetes. We did not have enough participants (n=374) using antidepressants to examine the association between antidepressant medication use and incident type 2 diabetes.
Type 2 Diabetes and Incident Depressive Symptoms
In our previous cross-sectional study, treated type 2 diabetes, but not impaired fasting glucose or untreated type 2 diabetes, was associated with depressive symptoms. 20 The finding in our present analysis that treated type 2 diabetes is associated with incident depressive symptoms confirms our earlier cross-sectional observation and those of 2 prior studies. 21, 22 However, although our prior analysis showed no cross-sectional association between impaired fasting glucose and untreated type 2 diabetes and depressive symptoms, 20 the present analysis suggests a lower risk of depressive symptoms in these individuals. Our findings of an association in participants with treated but not untreated type 2 diabetes suggests that the psychological stress associated with diabetes management may lead to elevated depressive symptoms. In addition, adults with treated type 2 diabetes may have a greater number of diabetic complications and comorbidities than those who are untreated and these complications and comorbidities may lead to elevated depressive symptoms. Prior studies have shown that depressive symptoms were associated with nephropathy, 49 [62] [63] [64] [65] [66] studies report a positive association between the presence and number of diabetes complications and depressive symptoms. Miraldi et al 22 found that the association between type 2 diabetes and incident depressive symptoms was attenuated following adjustment for comorbidities. In our study, however, adjustment for comorbidities, including dyslipidemia, hypertension, and microalbuminuria, did not explain the association, although we lacked more specific data on potentially disabling diabetes complications, such as retinopathy and neuropathy.
We were surprised to find that impaired fasting glucose was associated with a lower risk of elevated depressive symptoms. This might be due to the complex relationship between obesity and depressive symptoms, with cross-sectional studies showing either an inverse, positive, or lack of association between the 2. 26 In a large middleaged European cohort, Lawlor et al 26 showed that obese individuals had a lower risk of depression over 29 years. Insulin resistance has also been associated with a lower risk of incident depression, 27, 28 although not in all studies. 6 7 Although this might have explained our finding of impaired fasting glucose, a prediabetic condition, being associated with lower risk of depressive symptoms, the BMI was similar in those with impaired fasting glucose and treated type 2 diabetes, and point estimates were not changed following adjustment for BMI. Finally, untreated type 2 diabetes was not associated with incidence of elevated depressive symptoms, which may be related to less severe disease or fewer comorbidities. Participants with untreated type 2 diabetes had a slightly lower prevalence of microalbuminuria and hypertension than those with treated type 2 diabetes. However, adjustment for these factors did not substantially affect the associations of untreated and treated type 2 diabetes with incident depressive symptoms. Further studies are needed to confirm that impaired fasting glucose and untreated type 2 diabetes are inversely associated while treated type 2 diabetes is positively associated with depressive symptoms and to fully ascertain the mechanisms underlying these associations.
Strengths
This study was well suited to investigate the complex association between depressive symptoms and type 2 diabetes because it included repeated measures of both over time along with characterization of many diabetes complications. Consequently, we could examine the 2 temporal hypotheses in the same cohort while simultaneously investigating mechanisms that might explain these associations. Furthermore, participants were selected based on the absence of coronary heart disease at baseline, a chronic disease also known to be associated with development of depressive symptoms, which could confound any associations we might have observed. Table 2 . d Adjusted for model 2 criteria and lifestyle factors (see footnote "g" in Table 2 for a definition). e Adjusted for Model 2 criteria and markers of diabetes severity (dyslipidemia [triglycerides Ն200 mg/dL, high-density lipoprotein cholesterol Ͻ40 mg/dL, or both; for conversion factors to SI units see Table 1 
Limitations
The CES-D was not designed to measure clinical depression; rather, it is a self-report of symptoms over the past week and should not be used to make a psychiatric diagnosis of depression. However, CES-D is an efficient and valid tool for epidemiological studies 68 and is commonly used to assess mild to moderate depression and dysthymia in epidemiological studies conducted in the United States. 69 Furthermore, depressive symptoms were only assessed at 1 follow-up time point over a relatively short duration. Although including antidepressant use in the definition of elevated depressive symptoms may have misclassified participants who were taking antidepressants for other reasons, results were similar when CES-D scores alone were used to define elevated depressive symptoms. Additionally, a recent study illustrates the utility of using both markers to define depression because treated participants may have normal CES-D scores. 70 Although we did not find significant interactions by race/ethnicity or sex, the study may have lacked power to fully examine these interactions. However, the direction of the associations was similar among all ethnicities for both analyses. For the analysis of depressive symptoms and incident type 2 diabetes, we had limited data on inflammatory markers and no data on neuroendocrine markers, limiting our ability to explore these biological hypotheses in our analyses. Finally, for the analysis of treated type 2 diabetes and incident depressive symptoms, we had limited data on additional diabetesspecific comorbidities and their severity, which impaired our ability to determine whether this explained the observed association.
CONCLUSION
The biological mechanisms by which depression and type 2 diabetes are associated remain unclear. However, the present study contributes to a growing body of literature indicating a bidirectional association between these 2 serious long-term diseases. Future studies should determine whether interventions aimed at modifying behavioral factors associated with depressiion will complement current type 2 diabetes prevention strategies. Finally, these findings suggest that clinicians should be aware of increased risk of elevated depressive symptoms in individuals with treated type 2 diabetes and consider routine screening for depressive symptoms among these patients.
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